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Table 1. The stock raising statistics values concerned with the dairy of the time of the Agricultural Basic Law 








Number of dairy cattle (×10,000 head) 88 173 1.9
1戸当たり飼養頭数（頭）
Number of dairy cattle per a dairy farm (head) 2.1 53.6 25.5
生乳生産量（万ｔ）
Amount of milk production (×10,000ｔ) 211 830 3.9
飼料作物作付け面積（万ha）
Area under cultivation of forage crop (×10,000ha) 371 953 2.6
飼料作物収穫量（万ｔ）
Yield of forage crop(×10,000t) 910 3,726 4.1
主要濃厚飼料輸入量（万ｔ）1
Amount of imported main concentrate (×10,000t) 477 1,870 3.9
飼料自給率（TDNベース，％）2
Feed self-sufficiency rate (TDN basis,％) 69.6 40.4
乳牛用配合飼料農家購入価格（円/kg）3
Price of formula feed for a lactating cow which dairy farm purchased (yen/kg) 34.7 47.0 1.4
生乳100kg当たり生産費（円）
Production cost per 100 kg milk(yen) 2,902 6,776 2.3
1：1964年と1999年の統計値．
Statistics values taken in 1964 and 1999.
2：1964年と1999年の統計値で，輸入原料から派生した濃厚飼料は国内供給分に含む．
1999年の純国内産飼料自給率は26.6％．
Statistics values taken in 1964 and 1999. The concentrate derived from imported materials is included in a part for 
domestic supply. Genuine feed self-sufficiency rate in 1999 were 26.6％.
3：1965年（30kg袋）と2001年（ばら）の価格．




Table 2. Area under cultivation of forage crop per a dairy cattle and feed self-sufficiency rate  per a lactating 



































































































































































































































































































Starting date of grazing
放牧終了日
Ending date of grazing
放牧日数
Number of grazing days
1995 5.9 11.21 1771
1996  5.15 11.6 175
1997 5.6 10.31 178
1998 5.6 11.4 182
1999 5.6 11.2 180
1：試験期間は5.9から9.18まで132日間．
The study period was from May 9 to Sep. 18 (132 days).
第１図　供試草地と牧区配置ならびに放牧方法の概略．

















昼間放牧地 (9 -18時) 夜間放牧地 (19 -7時)





















































































1995 2.6 2.7 150 148
1996 3.3 3.2 147 161
1997 2.9 3.0 132 152
1998 3.5 4.0 135 143
1999 3.0 3.2 134 145









































































Fig. 2. Classification of feed and definitions of nutrient from 







































































Mf区 Pr区 Mf区 Pr区 Mf区 Pr区 Mf区 Pr区
ns ns ns ns
1995 28.2 28.6 3.72 3.83 3.35 3.35 8.86 8.94
1996 29.4 28.7 3.80 3.61 3.32 3.14 8.82 8.58
1997 34.1 32.6 3.80 3.87 3.17 3.34 8.60 8.84
1998 36.1 35.8 4.09 3.76 3.27 3.29 8.71 8.76
1999 30.4 33.4 3.79 3.98 3.16 3.23 8.66 8.62
 平均 Avg. 31.6 31.8 3.84 3.81 3.25 3.27 8.73 8.75
ns：危険率５％水準で有意差なし．






























Table 6. Nutritive value of herbage, ratio of estimated amount of grazed herbage to body weight, and TDN / CP 
ratio and NDF % in feed including grazed grass during the experimental period (means ± standard deviations). 
放牧草のTDN(%) 放牧草のCP(%) 放牧草のNDF(%)
TDN content of herbage CP content of herbage NDF content of herbage    
処理区  Treatment Mf区 Pr区 Mf区 Pr区 Mf区 Pr区
年／有意差  Year / Difference ns ** ns
1995 69.9±3.0 69.7±4.4 18.1±2.3 16.4±2.0 49.9±3.5 48.5±4.6
1996 69.7±2.5 71.5±2.8 20.1±3.3 19.5±2.0 50.2±3.7 47.4±4.6
1997 71.1±2.1 71.0±2.1 19.1±2.4 18.2±2.2 50.0±2.8 49.7±2.8
1998 69.7±3.1 69.4±3.7 19.2±2.2 17.7±3.1 48.4±3.3 48.8±4.3
1999 70.3±3.5 69.9±3.4 22.6±3.5 20.9±3.4 46.1±4.6 45.9±5.5
平均  Avg. 70.1 70.3 19.8 18.5 48.9 48.1
放牧草採食量の体重比 全飼料中のTDN/CP比 全飼料中のNDF(%) 
Ratio of amount of grazed herbage to body weight TDN / CP ratio in feed NDF content in feed
処理区  Treatment Mf区 Pr区 Mf区 Pr区 Mf区 Pr区
年／有意差  Year / Difference ns ** ns
1995 1.59±0.46 1.79±0.34 4.47±0.33 4.65±0.29 42.1±3.7 41.6±4.1
1996 1.90±0.40 1.90±0.31 3.97±0.36 4.06±0.33 44.2±4.1 43.8±4.3
1997 1.82±0.42 1.88±0.36 4.25±0.34 4.31±0.32 41.7±3.2 42.6±4.6
1998 2.02±0.41 2.06±0.42 4.27±0.30 4.45±0.42 41.8±2.7 41.3±3.1
1999 1.82±0.39 1.90±0.48 4.07±0.26 4.16±0.39 40.5±3.4 40.2±3.4
平均  Avg. 1.83 1.91 4.21 4.33 42.1 41.9
ns：危険率５％水準で有意差なし．　　　　　　**：危険率１％水準で有意．





































Table 7. Body weight, body condition score (BCS) and concentrations of blood constituents of the cows during 
the experimental period (means ±standard deviations).
体重 (kg)Body weight BCS BUN(mg/dl) Glu(mg/dl) NEFA(uEq/l) 
処理区 Treatment Mf区 Pr区 Mf区 Pr区 Mf区 Pr区 Mf区 Pr区 Mf区 Pr区
年／有意差 Year / Difference ns ns ns ns ns
1995 635.5±45.0 626.0±53.6 2.74±0.44 2.82±0.19
1996 657.6±74.2 677.4±31.7 2.91±0.34 3.07±0.20 17.3±3.8 15.7±3.7 63.3±7.5 63.4±6.0 121.3± 48.0 134.8± 53.9
1997 628.7±54.1 662.9±52.6 2.84±0.26 2.85±0.53 15.0±4.2 14.8±4.1 67.6±4.3 67.4±5.0 110.8± 60.7 107.4± 49.8
1998 675.8±49.6 659.9±47.9 2.93±0.30 2.81±0.37 15.9±2.8 16.2±3.1 61.7±3.5 61.0±4.0 162.6±106.7 151.6±106.5
1999 611.0±60.5 628.0±30.5 2.83±0.34 2.94±0.33 16.1±4.5 16.1±4.2 66.2±8.2 65.4±6.5 184.5±106.6 117.4±55.7
平均 Avg. 641.7 650.8 2.85 2.90 16.1 15.7 64.7 64.3 144.8 127.8
ns：危険率５％水準で有意差なし．
No significant difference at the 5％ level.
第８表　供試牛の繁殖成績（120日以上供試した個体のみ）．
Table 8. Fertility of cows used for the experiment over 120 days.
年 Year 処理区 Treatment 個体番号 No. of cows 空胎日数 （日）Days of non-pregnant condition 受胎時期 Pregnancy time
1995
Mf区
  9  75 供試前 Before experiment
 24  53 供試中 During experiment
 29 220 供試中 During experiment
 39 176 供試中 During experiment
平均Avg.   131.0
Pr区
 15 112 供試中 During experiment
 25 232 供試中 During experiment
 34 104 供試中 During experiment
 42  82 供試中 During experiment
平均Avg.   132.5
1996
Mf区
 15  59 馴致中 During warm-up grazing
 33  76 供試中 During experiment
 42 134 供試中 During experiment
 54  82 供試中 During experiment
平均Avg.    87.8
Pr区
 12  71 供試前 Before experiment
 24  75 供試中 During experiment
 51  73 供試中 During experiment
 53  65 供試中 During experiment
平均Avg.    71.0
1997
Mf区
 54  91 供試中 During experiment
 58  49 供試中 During experiment
平均Avg.    70.0
Pr区
 15 110 供試中 During experiment
 63 151 供試中 During experiment
 69 283 供試後 After experimentt
平均Avg.   181.3
1998
Mf区
 53 127 供試中 During experiment
 58  80 供試中 During experiment
 65 124 供試中 During experiment
 78  37 供試中 During experiment
平均Avg.   92.0
Pr区
 15  61 供試中 During experiment
 54  83 供試中 During experiment
 76 118 供試中 During experiment
 86  67 供試中 During experiment
平均Avg.   82.3
1999
Mf区
 66  55 供試中 During experiment
 78  79 供試中 During experiment
 86 不受胎 Non-pregnant
159 不受胎 Non-pregnant
Pr区
 54 115 供試中 During experiment
 58 不受胎 Non-pregnant
117 251 供試後 After experimentt




Table 9. Proportions of TDN and CP supply from grazing and roughage (grazing + conserved herbage), and estimated 4 % fat 






FCM量 （kg / ha）
Proportion of supply from grazing Proportion of supply from roughage FCM production from
  TDN basis   CP basis  TDN basis  pasture
処理区 Treatment Mf区 Pr区 Mf区 Pr区 Mf区 Pr区 Mf区 Pr区
年／有意差 Year/Difference ns ns ns ns
1995 45.8 50.0 61.6 61.3 56.2 58.6 4,168 4,357        
1996 54.9 58.3 81.0 82.7 64.9 68.2 6,725 6,749        
1997 47.1 51.4 64.2 67.6 59.5 63.3 7,311 7,648        
1998 53.0 52.8 73.5 66.3 64.2 62.3 8,708 8,473        
1999 48.7 48.1 79.4 73.1 62.3 61.0 7,104 7,707        
平均 Avg. 49.9 52.1 71.9 70.2 61.4 62.7 6,803 6,987
ns：危険率５％水準で有意差なし．
No significant difference at the 5％ level.
第10表　各年の６月と７月の採草時における草量の合計値と供試牛に給与された併給粗飼料の量．
Table 10. Total amount of herbage mass when conserved herbage was harvested in June and     July and amount of conserved 
herbage fed to experimental cows at each year.
草量 （t/ 昼間放牧地1.6 ha）
Total amount of herbage mass
（t / Daytime pasture 1.6 ha）
給与量 （t/４頭 ・ 放牧期間 ）
Amount of feed
（t /４  head･grazing period）
年／処理区 Year/Treatment  Mf区 Pr区  Mf区 Pr区
1995 7.2 8.2 1.6 1.5
1996 6.1 5.4 1.8 1.9
1997 3.4 2.9 2.5 2.4
1998 3.3 3.9 2.3 2.2






























Fig.3.Relationship between TDN/CP ratio (horizontal 
axis)and blood urea nitrogen (BUN)concentration in 
cows(vertical axis). 
第４図　全飼料中のNDF含有率と乳脂率との関係．
Fig.4.Relationship between NDF content in feed including 



























































Fig.5.Relationship between NDF content in feed including 



































































































































































Table 11. Linear calibrations to estimate dry matter herbage mass
by using a rising plate meter.
草地種別 推定式
Pasture type Linear calibrations
昼間放牧地
Daytime pasture
Mf Y = 11.87X－52.00
Pr Y = 11.38X－49.27
夜間放牧地 Y = 11.11X－60.24 
Nighttime pasture
X ： ライジングプレートメータ値，　Y ： 草量 （ｇ/m2）．











































































































調査項目 サンプル数 Max Min 平均 s.d. CVItems Number of samples   Avg.
草量 （ｇ/m2）
Herbage mass
昼間放牧地 128 456.6  4.3 164.1 66.3 40.4Daytime pasture
夜間放牧地 128 147.3 11.1  99.2 25.7 25.9
Nighttime pasture
放牧草のTDN含有率 （乾物％) 
TDN content of herbage (Dry matter％)
昼間放牧地  83  79.0 59.4 70.9  4.2  6.0Daytime pasture
夜間放牧地  83  75.3 56.0 68.1  4.5  6.6Nighttime pasture
併給飼料摂取量 （乾物kg/体重100kg） 128    3.17   0.45   1.64   0.46 27.8Intake of supplement (Dry matter kg/body weight 100kg) 
日FCM量 （kg/頭） 128 42.7 18.0 31.3  5.2 16.4Daily FCM yield (kg/head)
放牧草採食量 （乾物kg/体重100kg) 128   3.84   0.16   1.75   0.68 38.8Herbage intake (Dry matter kg/body weight 100kg)
昼間放牧地 128   3.64   0.00   1.41   0.67 45.6Daytime pasture
夜間放牧地 128   0.57   0.04   0.34   0.12 36.2Nighttime pasture
第12表　調査項目のサンプル数，最大値（Max），最小値（Min），平均値，標準偏差（s.d.）および変動係数（CV）．
Table 12. Items investigated and their numbers of samples, maximum values (Max), minimum values (Min), mean values, 
standard deviations (s.d.) and coefficient of variation (CV).
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第13表　調査項目間の単相関係数．
  Table 13. Correlation coefficients between data for items investigated.
草量 放牧草のTDN含有率
Herbage mass TDN content of herbage
昼間放牧地 夜間放牧地 昼間放牧地 夜間放牧地 併給飼料摂取量 日FCM量






TDN content of herbage
昼間放牧地 －0.26＊ －0.29＊＊Daytime pasture
夜間放牧地 －0.16 －0.36＊＊ 0.21Nighttime pasture
併給飼料摂取量 －0.22＊ －0.38＊＊ 0.16 0.36＊＊Intake of supplement
日FCM量 －0.14 －0.15 0.20 0.52＊＊ 0.77＊＊Daily FCM yield





併給飼料摂取量 －0.21＊ －0.37＊＊Intake of supplement
日FCM量 －0.18＊ －0.10 0.73＊＊Daily FCM yield
放牧草採食量 0.70＊＊ 0.32＊＊ －0.40＊＊ －0.28＊＊Herbage intake
＊ ： P<0.05， ＊＊ ： P<0.01．
第14表　供試牛の放牧草採食量（乾物）推定のための重回帰式．
  Table 14. Multiple regression equations to estimate dry matter herbage intake of cows.
式 サンプル数 重回帰式 寄与率
Equation No. Number of samples Equation Ratio of contribution
１  83 Ｙ＝0.5012＋0.006675Ｘ１＋0.005801Ｘ２－0.2363Ｘ３ 0.54
２ 128 Ｙ＝0.6032＋0.006582Ｘ１＋0.005217Ｘ２－0.2771Ｘ３ 0.59
３ 128 Ｙ＝0.5580＋0.006691Ｘ１＋0.006655Ｘ２－0.01818Ｘ４ 0.58
Ｙ：放牧草採食量，　Ｘ１：昼間放牧地の草量，　　　　Ｘ２：夜間放牧地の草量，　　　　　Ｘ３：併給飼料摂取量，
Herbage intake　　Herbage mass of daytime pasture　　　Herbage mass of nighttime pasture　　　Intake of supplement
Ｘ４：日FCM量．　　　　　　　　　　　　変数の単位は第12表に同じ． 







































Fig.6.Relationships between herbage allowance (horizontal 
axis, dry matter herbage mass kg/100 kg body weight) and 
herbage intake of cows (vertical axis, dry matter kg/100 kg 
body weight).
○：Mf草地，　　　　　　＋：Pr草地．




Fig.7.Relationships between herbage allowance (horizontal 
axis, dry matter herbage mass kg/100 kg body weight) and 
TDN intake of cows from herbage (vertical axis, kg/100kg 
body weight).
○：Mf草地，　　　　　＋：Pr草地．
Meadow fescue pasture   Perennial ryegrass pasture
第15表　MfおよびPr草地において，割り当て草量（Ｘ：乾物kg/体重100kg）から供試牛の放牧草採食量（ＹＤ：
　　　　乾物kg/体重100kg）と放牧草由来のTDN摂取量（ＹＴ：kg/ 体重100kg）を推定するための単回帰式．
Table 15. Single regression equations to estimate herbage intake of cows (YD, dry matter kg/body weight 100kg) and TDN 
intake of cows from grazing (YT, kg/body weight 100kg) using data of herbage allowance (X, dry matter herbage mass kg/body 
weight 100kg) in meadow fescue (Mf) and perennial ryegrass (Pr) pastures.
草地種別 式 寄与率























Table 16. The result which tried pooling of single equations for Mf (meadow fescue) and Pr (perennial ryegrass) pasture. Those 
single equations were made to estimate herbage intake of cows (YD, dry matter kg/body weight 100 kg) and TDN intake from 




推定対象 回帰係数 回帰定数 併合後の単回帰式 対象草地
Items of estimation Regression coefficient Intercept of regression line Equations after pooling Objective pasture
ＹＤ ○ × ＹＤ＝－0.2223＋0.4064Ｘ MfＹＤ＝－0.3366＋0.4064Ｘ Pr
ＹＴ ○ ○ ＹＴ＝－0.2085＋0.2883Ｘ Mf ・ Pr共通Both Mf and Pr
○：併合可，     ×：併合不可．




















































































































































































































































  Table 17. An outline of each experimental plot in plot grazing test.
プロット 主体となるイネ科 利用方法 放牧時草高 造成年 播種量 元肥量 土壌改良資材量
  草種 ・ 品種名 （cm） （kg/ha） （kg/ha） （kg/ha）
Plot
Sown grass species 
･ variety Management
Sward height 
when grazed Established year Sowing rate
Fertilizer rate 
when established
Amount of soil conditioner 
when established
ML Mf ・ トモサカエ
20
Meadow fescue･Tomosakae
イネ科草種 ： 25 窒素 ： 24
Gramineae N
MH Mf ・ トモサカエ 放牧専用
25－30 1994 Wc ： 2 リン酸 ： 63 炭酸苦土石灰 ： 1200
Meadow fescue･Tomosakae Grazing White clover   P2O5 Calcium carbonate magnesium
（品種：ソーニャ） カリ ： 28 mixtureVariety: Sonja  K2O
P Pr ・ フレンド  
20
Perennial ryegrass･Friend
M1 Mf ・ トモサカエ  兼用利用 25－30
Meadow fescue･Tomosakae
（採草６月） Mf ： 30 窒素 ： 40
Harvesting in June and 
grazing
Meadow fescue N
1996 Wc ： 2 リン酸 ： 110 炭酸カルシウム ： 1000
White clover P2O5 Calcium carbonate
M2  Mf ・ トモサカエ 兼用利用 25－30 （品種：ソーニャ） カリ ： 60
 Meadow fescue･Tomosakae Variety: Sonja K2O
 （採草６， ７月）
Harvesting in June and July and grazing
第18表　各年の総追肥量（kg/ha）と分施した月．
Table 18. Total amount of topdressing (kg / ha) and months in which fertilizer was applied at each year.
年 窒素 リン酸 カリ 分施月
Year N P2O5 K2O Month
1995 - 1996  60  60  64 6，7          
1997  90  90  96 4，6，9       
1998 - 2001 120 120 128 4，6，7，9
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第19表　各年における月平均気温と年平均気温．
Table 19. Monthly and annual mean temperature at each year.
1995 1996 1997 1998 1999 2000 2001 月平均
Monthly avg. 
１ －4.7 －5.4 －4.5 －7.7 －4.8 －4.8 －8.1 －5.7Jan.
２ －4.3 －5.1 －3.7 －5.4 －5.4 －5.4 －7.6 －5.3Feb.
３ －0.6 －1.2 －1.3 0.1 －2.1 －1.3 －1.6 －1.2Mar.
４ 6.0 4.2 5.7 7.6 5.4 5.1 6.5 5.8Apr.
５ 11.9 9.4 10.7 12.0 10.7 12.8 11.9 11.3May
６ 14.5 14.4 14.6 14.3 16.4 15.7 15.3 15.0June
７ 20.0 19.1 20.5 19.1 20.9 20.9 19.3 20.0July
８ 20.0 19.5 19.1 20.0 23.5 22.5 19.5 20.6Aug.
９ 16.1 16.8 15.6 18.1 18.4 17.6 15.8 16.9Sep.
10 11.8 10.3 9.5 12.0 10.6 10.3 10.6 10.7Oct.
11 4.4 2.9 5.8 1.9 4.1 2.6 3.6 3.6Nov.
12 －1.6 －2.1 －0.9 －3.4 －2.6 －4.1 －5.3 －2.9Dec.
年平均 7.9 6.9 7.7 7.4 8.0 7.7 6.7 7.5Annual avg.
第20表　各年における月降水量と年降水量．
Table 20. Monthly and annual precipitation at each year.
1995 1996 1997 1998 1999 2000 2001 月平均
Monthly avg. 
１ 66.5 104.0 33.5 77.5 89.5 104.0 51.0 75.1Jan.
２ 26.0 59.5 84.0 37.5 51.0 98.5 34.5 55.9Feb.
３ 35.5 52.0 24.0 46.5 56.0 104.0 89.5 58.2Mar.
４ 75.0 22.5 13.0 16.0 19.0 146.0 29.5 45.9Apr.
５ 94.0 105.0 76.5 73.5 100.0 102.0 26.0 82.4May
６ 50.0 34.5 31.0 98.5 47.0 52.0 31.0 49.1June
７ 96.0 88.5 89.5 80.5 181.5 179.5 103.0 116.9July
８ 193.0 107.0 191.5 127.5 145.5 133.5 119.0 145.3Aug.
９ 100.5 102.0 166.5 220.5 143.0 230.5 241.5 172.1Sep.
10 98.0 136.0 84.5 79.5 76.5 27.5 69.0 81.6Oct.
11 108.5 90.0 106.0 69.0 56.5 83.5 42.0 79.4Nov.
12 114.5 49.5 38.5 97.0 77.0 87.0 112.0 82.2Dec.










































































　 入 牧 前 の 草 量 はML区 が115.7g/m2， Ｐ 区 が































Table 21. Plant height, plant length and dry matter herbage mass before and after grazing, and average efficiency of utilization 
in each plot (average± standard deviation).
プロット 草高（cm） 草丈（cm） 草量（ｇ/m2） 利用率（%） 調査年
Plot Plant height Plant length Herbage mass Efficiency of utilization Period of investigation
放牧前 退牧後 放牧前 退牧後 放牧前 退牧後
Before After Before After Before After
ML 21.2±2.3a1)  7.3±2.4ａ 25.8±4.2ｂ  9.8±3.0ａ 115.7±34.5ａ 32.4±14.4ａ 71.7±10.8ａ 1995 - 1999
MH 27.0±3.3ｂ 10.9±4.7ｂ 32.8±4.8ｃ 15.1±7.4ｂ 168.9±40.4ｂ 61.6±23.3ｂ 63.1±13.6ｂ 1995 - 2001
P 20.5±1.8ａ 8.0±2.0ａ 23.4±2.6ａ 9.7±2.4ａ 120.7±33.5ａ 52.0±20.5ｂ 56.6±11.7ｂ 1995 - 2001
M1 26.4±1.5ｂ 8.3±2.0ａ 31.2±3.0ｃ 11.3±3.0ａ 166.1±33.7ｂ 60.6±18.4ｂ 63.7± 8.3ｂ 1997 - 2001
M2 25.7±1.7ｂ 8.4±2.0ａ 31.6±3.2ｃ 10.4±2.7ａ 140.0±22.9ａｂ57.0±17.0ｂ 59.4±10.2ｂ 1997 - 2001
1)：同列内の異符号間に危険率５％水準で有意差あり．
Values in the same column with different superscript letters are significantly different (P<0.05).
第22表　1995－2001年における各プロットの乾物収量と放牧回数．
 Table 22. Dry matter yields and grazing frequencies in each plot from 1995 to 2001.
プロット 1995 1996 1997 1998 1999 2000 2001
Plot
ML 収量（ｔ/ha） 5.6 5.3 6.1 6.7 6.2 － －Yield
放牧回数 9 7 5 6 6 － －Grazing frequency
MH 収量（ｔ/ha） 8.6 6.8 7.4 8.9 8.1 7.3 5.7Yield
放牧回数 8 5 5 5 6 8 4Grazing frequency
P 収量（ｔ/ha） 5.5 5.1 7.3 6.8 6.1 7.5 6.0Yield
放牧回数 11 8 7 8 8 9 6Grazing frequency
M1 収量（ｔ/ha） － － 8.0 8.2 7.3 9.6 8.5Total yield
（採草収量）1) － － (3.3) (3.7) (2.9) (4.9) (4.2)Harvesting yield
放牧回数 － － 4 4 4 5 4Grazing frequency
M2 収量（ｔ/ha） － － 7.9 7.9 7.4 8.7 6.5Total yield
（採草収量） － －  (6.0) (5.4) (5.2) (5.5) (4.5)Harvesting yield
放牧回数 － － 2 3 2 4 2Grazing frequency
1)：（採草収量）は内数．


































Fig.8.Monthly averages of total digestible nutrients (TDN) content, crude protein (CP)content, neutral detergent fiber (NDF) 
content and growth rates in ML, MH and P plots(1995-1999). Explanations of plots are shown in Table 17.




























第９図　ML， MH， P， M1， M2区における造成後年数と主要草種の出現頻度の変化． 
　　　　　　　　　各区の概要は第17表にあり．  
Fig.9.Frequency changes (vertical axis) in major species in ML, MH, P, M1 and M2 plots after establishment 
(horizontal axis, year). Explanations of plots are shown in Table 17.
▲ ： ML区， ● ： MH区， ＋ ： P区， □ ： M1区， ◇ ： M2区．
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第10図　ML， MH， P， M1およびM2区における造成後の草種割合の変化．
各区の概要は第17表にあり．　　　　　　　　　　　　
Fig.10.Changes in botanical compositions (vertical axis) in ML, MH, P, M1 and M2 plots after establishment 













































































































































Fig.11.Changes by years (horizontal axis, year) of growth rate and numbers of days between the date of first cut and the 
date of next use (vertical axis) in MH, M1 and M2 plots.   Only the date of first cut in the MH plot corresponded to the date 
grazing was carried out, which was the closest to the dates of first cut in M1 and M2 plots. Explanations of plots are shown in 
Table 17.















第12図　Mf草地およびPr草地における草高 （X） と草量 （Y） との関係．
Fig.12.Relationship between plant height (horizontal axis, X) and herbage mass (vertical axis, Y) in meadow fescue (Mf) and 
perennial ryegrass (Pr) pasture. 
 Mf ： Y＝8.478X－50.44 （n＝335， r＝0.86）．





























Fig.13.Relationship between efficiency of utilization 
(horizontal axis, X, ％) and herbage intake (vertical axis, Y, 
dry matter g / m2) in daytime pasture.
Y＝0.060X－0.431 （r＝0.73）
○ ： Mf草地，     　　　　　＋ ： Pr草地．








































Table 23.Relationship between growth rate and days of rest in meadow fescue (Mf) pasture (grazed when plant height 27 cm, 
herbage mass 178g/m2) and perennial ryegrass (Pr) pasture(grazed when plant height 20cm, herbage mass 133g/m2)
乾物重増加速度 休牧日数（日）














Table 24. Growth rate, days of rest and number of paddocks by season in meadow fescue (Mf) and perennial ryegrass (Pr) pasture.
季節 乾物重増加速度 休牧日数（日） 牧区数
Season Growth rate Days of rest Number of paddocks
（ｇ/m2） Mf Pr Mf Pr
５－６月 6 12 9 13 10May－June
７－８月 4 18 13 19 14July－Aug.









































Fig.14.Monthly average growth rate (vertical axis,g/m2･day) 
in daytime pasture (meadow  fescue and perennial ryegrass 
pasture) and plot grazing test pasture (MH plot, P plot).
● ： MH区,　＋ ： P区，
MH plot　　　 P plot
○ ： 昼間放牧地 （Mf），
Daytime pasture(meadow fescue)
△ ： 昼間放牧地 （Pr）
Daytime pasture (perennial ryegrass)
第25表　Mf草地およびPr草地で放牧を実施する場合に必要な１日１頭当たり面積ならびに１頭当たりの時期別面積．
Table 25.Area per day per head and area per head by season needed for grazing in meadow  fescue (Mf) and perennial ryegrass 
(Pr) pasture.
放牧時間 昼夜放牧 半日放牧 ３時間放牧
Time of grazing per day Whole-day grazing Half-day grazing 3 hours-grazing
Mf Pr Mf Pr Mf Pr
１日１頭当たり面積（m2） 182.6 244.4 105.9 141.7 76.7 102.6Area per day per head
１頭当たり面積（a）
Area per head
５－６月 23.5 24.1 13.6 14.0 9.9 10.1May－June
７－８月 34.3 34.9 19.9 20.3 14.4 14.7July - Aug.































































Table 26. Pasture area and area per one paddock needed for 40 lactating cows grazing in meadow fescue (Mf) and perennial 
ryegrass (Pr) pasture.
放牧時間 昼夜放牧 半日放牧 ３時間放牧
Time of grazing per day Whole-day grazing Half-day grazing 3 hours-grazing
Mf Pr Mf Pr Mf Pr
放牧地面積（ha) ５－６月 9.4 9.6 5.5 5.6 3.9 4.1Area of pasture May－June
７－８月 13.7 14.0 8.0 8.1 5.8 5.9July - Aug.
９－10月 18.1 18.3 10.5 10.6 7.6 7.7Sep.－Oct.



























































































Fig.15.Example of 40 lactating cows whole-day grazing in about 18 ha pasture.
第16図　草地面積約8haで時間制限放牧を行う例（搾乳牛40頭）.
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　The abbreviations used in the text and the chart was shown below. Moreover, the values about herbage mass and 





ケンタッキーブルーグラス （Poa pratensis L.）
Kentucky bluegrass
Mf
メドウフェスク （Festuca pratensis Huds.）
Meadow fescue
Og
オーチャードグラス （Dactylis glomerata L.）
Orchardgrass
Pr
ペレニアルライグラス （Lolium perenne L.）
 Perennial ryegrass
TY
チモシー （Phleum pratense L.）
Timothy
Wc















TDN/CP比　 　　　　　　　　　　　　TDN含有率 （％） とCP含有率 （％） との比



















Establishment of an intensive grazing system for lactating cows
－Focusing on meadow fescue pasture－
Kenji SUDO
Summary
  The purpose of this study was to establish an 
intensive grazing system for lactating cows in 
regions of Japan in which temperate grass can grow 
stably in summer, such as Hokkaido, Tohoku and 
Chuubu districts. Experiments were carried out to 
determine the productivity of this grazing system 
and to quantitatively show how to manage pastures 
by analysis of coefficients related to pastures and 
grazing cows under intensive grazing conditions. The 
main grass species sown in the experimental pastures 
were meadow fescue (Mf) and perennial ryegrass (Pr), 
and experiments to determine the optimal method of 
intensive grazing of an Mf pasture was also carried 
out. Pr is the best grass species for intensive grazing 
but can not survive in regions in which soil freezes in 
winter. Although Mf has potential as a grass species 
for an intensively managed pasture in an area in which 
Pr can not survive in winter, the characteristics of Mf 
under the condition of intensive grazing have not been 
clarified. 
  In experiment 1 in this study, an Mf pasture and a Pr 
pasture were subjected to intensive grazing by lactating 
cows from May to October each year for a period of 5 
years, and milk productivities of cows grazing in the 
two pastures were compared. Four spring-calved cows 
were grazed in each of pastures in the daytime and then 
grazed together in the other same pasture at night. The 
cows grazed in the Mf pasture and those grazed in the 
Pr pasture showed no significant differences in 4 % fat 
corrected milk (FCM) production, quality of milk, body 
condition score, concentrations of blood constituents, 
and total digestible nutrient (TDN) supply from grazing. 
The FCM production from cows grazed in both Mf 
and Pr pastures reached 8,500 kg / ha, indicating that 
the milk productivity of cows grazed in an Mf pasture 
and that of cows grazed in a Pr pasture are the same. 
On the other hand, over 60% of the TDN demand of 
the cows was supplied by roughage during the grazing 
season except for the first year, and this was thought 
to be due to the effect of intensive grazing.
  Experiment 2 was carried out to determine the 
factors that influence herbage intake of a lactating cow. 
Herbage intake per herd was estimated by measuring 
herbage mass before grazing and that after grazing or 
by the method of Linehan. The average TDN content 
of herbage was over 68%, and about half of the TDN 
demand of cows was supplied by grazing between 
grazing seasons. Mean daily milk yield and herbage 
intake of cows were 31 kg / head and 1.75 kg / 100 kg 
of body weight, respectively. Herbage intake was most 
greatly affected by herbage mass, and herbage intake 
increased as herbage mass increased and decreased as 
intake of supplement increased. The grass species in 
the pasture had only a slight effect on herbage intake, 
and the TDN content of herbage had almost no effect 
on herbage intake. Daily milk yield did not influence 
herbage intake. A positive correlation was found 
between herbage mass and TDN intake from grazing for 
cows that were grazed in a one-day rotational grazing 
pasture in which the herbage mass per 100 kg of body 
weight was less than 8 dry matter kg.
  Experiment 3 was carried out in small pastures to 
determine the effects of plant height in a pasture being 
grazed on plant yield, nutritive value and persistency 
of the pasture. The effect of integration of conservation 
with grazing on persistency of the Mf pasture was also 
investigated. When plant height had reached 20 cm 
and pastures were grazed, yield and nutritive value of 
the plants in the Mf pasture were the same as those of 
plants in the Pr pasture, the efficiency of utilization of 
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the Mf pasture was greater than that of the Pr pasture, 
and persistency of the Mf pasture was inferior to that 
of the Pr pasture. When plant height had reached 25 
- 30 cm and the Mf pasture was grazed, the plant 
nutritive value was slightly lower but the plant yield 
was 33% greater and persistency of the pasture was 
improved compared with those in the case of grazing at 
a plant height of 20 cm. There was little improvement 
in persistency of the Mf pasture by integration of 
conservation with grazing.
  While showing the intensive grazing system of Mf 
and Pr pasture based on the above result, it came to 
a conclusion as follows. Pasture productivity and milk 
productivity of an Mf pasture under intensive grazing 
conditions are equivalent to those of a Pr pasture. 
Therefore, the pasture areas required for the two 
species are about the same. However, for permanent 
use of an Mf pasture, plant height at the time of grazing 
of an Mf pasture must be set at a higher level than 
that of a Pr pasture (i.e., at 25 - 30 cm). Thus, an Mf 
pasture requires a longer rest period than does a Pr 
pasture, and more paddocks are therefore required 
for Mf even if the total pasture area does not change. 
Moreover, although the nutritive value of an Mf pasture 
used for grazing when plant height is 25 - 30 cm is 
slightly lower than that of a Pr pasture used for grazing 
when plant height is 20 cm, herbage intake and TDN 
intake from an Mf pasture are not influenced because 
herbage mass is sufficient.
